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XIX. Experiments on the Congelation of ^utckfiver In Eiiglaticl 
By Mr. Richard Walker; in a Letter to Henry Cavendifl^ 
Efy. F. R. S, 



Read May 28, 1789. 



s I R, 



I NO W beg leave to trouble you with the particulars of my 
experiments relative to the congelation of mercury ; to 
which I fhall add an account of a few experiments, relating to 
the produ£lion of artificial cold, made fince my lafl: Paper was 
written. 

Exp. 1. On December 28th laft, a favourable opportunity 
offered of beginning fome experiments on the congelation of 
mercury, which 1 was defirous of effe&ing completely ; how 
far I have fucceeded will appear in the fequel. 

For this purpofe I prepared a mixture of diluted vitriolic acid 
(reduced by water till its fpecific gravity was to that of water 
as 1,5596 to i)and ftrong fuming nitrous acid, of each equal 
parts. I preferred this mixture of acid becaufe it has been 
found by Mr. M c Nab, in Hudfon's Bay, to be capable of 
producing much greater cold, when the temperature of the ma- 
terials at mixing is very low, than the nitrous acid alone; the 
former finking a fpirit thermometer to —54°!, the latter never 
lower than — 46 . 

The glafs tube of a mercurial thermometer, with its bulb 
half filled with mercury, was provided, this occurring to me 
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as a convenient method of afcertaining when the mercury was 
congealed ; for if, after being fubje&ed to the cold of a frigo- 
rific mixture, the thermometer glafs fhould be taken out and 
inverted, and the mercury found to* remain completely fuf- 
pended in that half of the bulb now uppermoft, no doubt can 
remain of the fuccefs of the experiment ; an hydrometer, with 
its lower bulb half an inch in diameter, and three-fourths full of 
mercury, was likewife provided, in cafe any accident fhould 
happen to the other. 

It may be proper to premife here, that in all experiments of 
this kind I remove each veflel, when the liquor it contains Is 
fufficiently cooled, out of the mixture in which it is immerfed 
for that purpofe, immediately previous to adding the fnow or 
falts with intention to generate a ftill further increafe of cold; 
and likewife prefer adding the fnow or powdered falts to the 
liquor, inftead of pouring the liquor upon thefe : it is neceffary 
alfo to ftir about the fnow or falts, whilft cooling in a frigorific 
mixture, from time to time, otherwife it will freeze into a hard 
mafs, and fruftrate the experiment, 

A half-pint glafs tumbler, containing two ounces and a half 
of the above-mentioned diluted mixture of acids, being im- 
merfed in mixtures of nitrous acid and fnow, until the liquor 
it contained was cooled to — 30 , was removed out of the 
mixture and placed upon a table; fnow, likewife pre viou fly 
cooled in a frigorific mixture to — 1 5 , was added by degrees to 
the liquor in the tumbler, and the mixture kept ftirring until a 
mercurial thermometer funk to — 6o°, where it remained fta- 
tionary ; the hydrometer was then immerfed in the mixture 
(the thermometer glafs having been broken in the courfe of 
the experiment), and ftirred about in it for a fhort time, and 
on taking the hydrometer out, and gently fliaking it, I 
1 perceived 
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perceived the mercury' had already acquired the confidence of 
an amalgam, and after immerfing it again for* a few minutes, 
and then taking out and inverting it, I was gratified for the firft 
time with the fight of mercury in a ftate of perfed congela- 
tion. I applied my hand to the inverted glafs bulb ; this fooa 
loofened the folid mercury, which, on fhaking the hydro- 
meter, was diftin&ly heard to knock with force againfl the 
glafs* it was then immerfed a fecond time, and when taken 
out was found adhering tq the glafs as before. I now inverted 
the glafs again, and kept it in that fituation until the whole of 
the mercury melted, and dropped down globule after globule 
into the fern of the hydrometer. The interval of time from 
taking the mercury out of the frigorific mixture in a folid {late, 
the laft time, to its perfed liquefadion, was not noticed ; but, 
upon recolle&ioii immediately afterwards, was fuppofed to be 
not lefs than three or four minutes. In a fucceeding experi- 
ment this circumftance was attended to, and the frozen mer- 
cury, weighing feven fcruples, was not entirely melted under 
feven minutes, the temperature of the air + 30 . 

The experiment which follows I confider the moft extra- 
ordinary, becaufe it proves beyoiad a doubt, that mercury may 
be frozen not only here in fummer, but even in the hottefl 
climate, at any feafon of the year,, by a combination of fri- 
gorific mixtures, in the way defcribed in the Philofophical 
Tranfa&ions, Vol. LXXVII. p. 285. in which attempt to 
freeze mercury, made April 20, 1787, the temperature of 
the air and materials being +45% I certainly reached (without 
the afliftance of fnow or ice) the point of mercurial congela- 
tion ; but had then no fatisfa&ory proof that any part of the 
mercury was abfolutely congealed, 

Jbxp* 
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Exp. 2. On December 30. three ounces of a mixture com- 
pofed of ftrong fuming nitrous acid two parts, and ftrong 
vitriolic acid and water each one part, were cooled in a half 
pint tumbler immerfed in a frigorific mixture, till the tempe- 
rature of the diluted mixture of acids was reduced to —30% 
The tumbler was then removed out of the mixture* and 
vitriolated natron (Glauber's fait) in very fine powder, pre- 
vioufly cooled to - i 4 ° by a frigorific mixture, added by degrees 
to the liquor in the tumbler, ftirring it together until the mer- 
cury in the thermometer funk to —54°. The hydrometer 
ufed in the former experiment, with its lower bulb three- 
fourths full of mercury, was now immerfed and ftirred about 
in the mixture for a few minutes, when on taking it out, and 
inverting it, I had the fatisfa&ion to find the fame proof of 
the tiiercury being frozen as in the former inftance. It was 
immediately fhewn to the gentlemen prefent, who exprefled 
Jikewife their entire fatisfa&ion. Nearly Ifour ounces of the 
powdered fait was added ; but, I believe, fome was added after 
the greateft effeft was produced. I had no nitrated ammonia 
by me, otherwife I Ihould have ufed upon this occafion, inftead 
of vitriolated natron alone, a mixture of thefe two faits in 
powder, in the proportion of feven parts of the former to 
dight of the latter. The temperature of the room in which 
thefe experiments were made was + 30° each time, and the 
mercury taken from ajar containing feveral pounds. 

Exp. 3. By an experiment made purpofely on January 10. 
laft, at which Dr. Bourne was prefent, I have found that 
mercury may be congealed tolerably hard, by adding freih 
fallen fnow, at the temperature of + 32% to ftrong fuming 
nitrous acid, previoufly cooled to between — 25 and —30% 
which may be very eafily and quickly efFe&ed by immerfing 
6 the 
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the veffel containing the acid in a mixture of fnow and nitrous- 

acid. 

I ufe the fuming nitrous* acid upon all occasions, hecatife that 
does not require to be diluted, cold being immediately pro- 
duced on the fmalleft addition of fnow, 

, Exp. 4- On January 12, at Dr. Thomson's req/ueft, I: 
repeated the experiment of freezing mercury, at the Anatomy 
School in Chrifl: Churchy in the prefenee of the honourable 
Mr. W&nman, the rev. Dr. Hoare, Dr. Sibthorp, junior,. 
Dr. Thompson, the re¥. Mr. Jackson of Cbrift Churchy 
and Mr. Wood of this place r a gentleman well known for 
his ingenuity in mechanics. 

For this purpofe were provided' 'a-, fpirit thermometer gra- 
duated very low, and a mercurial thermometer graduated to> 
— 76% two thermometer glaffes, with bulbs very near*,, if not 
quite,, an inch in diameter each,, one filled with mercury^ 
nearly to< the orifice of the tube, which was left open, the 
other with its bulb half filled, and an hydrometer with its 
lower bulb (confiderably lefs than either of the others) like- 
wife half filled with mercury ; the temperature of the room at 
this time + 2 8°,, 

A pan, containing nine ounces of the mixture of acids pre- 
pared as in the firft experiment, was placed in a larger pan, 
containing nitrous acid, and this> in a frigorifie mixture of 
nitrous acid and fnow,, contained in another pan much larger. 
When the nitrous acid in the fecond- pan was cooled by this 
mixture to -18 ,, and the mixed acids in the fmalleft pan 
nearly as muck, fnow at fomewhat between +20° and +zf r 
the temperature of the open air at that time, was added to the: 
nitrous acid in the fecond pan, until the fpirit thermometer 
funk to near — 43 ; then the thermometer, with its bulb 
half filkd^ was immerfed a fufficient time,: and when taken* 
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out, the mercury in it was found congealed, and adhering to 
the glafs. The pan containing the mixed acids, and which 
had been removed whilft the ihow was added to make the 
fecotid mixture, was now replaced in it, in order to be cooled ; 
and when the mixture of acids was reduced to the tempera- 
ture of — ,34°, fnow previoufly cooled to — 18 was added, 
keeping the mixture ftirred until the mercurial thermometer 
funk to — 6o° ; its temperature by the fpirit thermometer was 
then found to be -51 . 

The three glaffes containing the mercury to be frozen were 
bow immerfed in this mixture, and having been moved about 
in it for a confiderabie time, during which the fpirit thermo- 
meter rofe fcarcely one degree, were then feverally taken out 
and examined. 

As the examination of the frozen mercury was more imme- 
diately under the jnfpe&ion of Dr. Thomson, I fhall tranfcribe 
here that gentleman's account of the phenomena. 

46 When the freezing mixture was fuppofed to have pro- 
duced its efFeft, the bulb which was completely filled was 
taken out, and broken on a flat ftone by a moderate ftroke or 
two with an iron hammer. This bulb was eleven or twelve 
lines in diameter. 

The folid mercury was feparated into feveral fharp and bril- 
liant fragments, fome of which, bote handling for a fliort time 
before they returned to a fltiid form. One mafs, larger than 
the reft, confiding of nearly one^third r of the whole ball, 
afforded the beautiful appearance of flat plates, converging 
towards a center. Each of thefe plates was about a line in 
breadth at the external furface of the ball, becoming nar- 
rower as it fhot inwards. Thefe facets lay in very different 
planes, as is common in the fra&ure of any v cry ftallized ball, 

whether 
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whether of a brittle metal or of the earths, as -in balls of cal- 
careous ftaladite. The folid brittle mercury in the prefent 
inftance bore a very exad ref@m|)lance, both in colour and 
plated ftrudture, to fulphurated antimony, and efpecially to 
the radiated fpecimens from Auvergne, before they are at all 
tarniflhed. 

inftead of a folid center to this ball, it feemed as 'if there 
had been a central cavity, of about two lines in diameter, a 
considerable portion of which was evident in the fragment juft 
defcribed, at that part to which the radii converged* It is 
indeed poffible, that this may have been merely the receptacle 
of fome part of the mercury remaining fluid at the center* 
The hollow within was fhining, but its edges were neither 
foft nor mouldering; on the contrary, they were fharp and 
well defined : nor was the brilliancy of the radii attributable to 
any exudation of mercury as from an amalgam. 

In the two fmaller bulbs, which were only half filled, the 
mercury preferved itsufual luftre on the furface in contact witk 
the glafs, as well as on that furface which it had acquired in. 
becoming folid. The latter was occupied by a conical depref- 
fion, the gradations of which were marked by concentric 
lines. 

One of thefe hemifpheres was ftruck with a hammer, as in 
the former inftance, but was rather flattened and crufhed than 
broken. The other, on being divided with a fharp chiflel, 
fliewed a metallic fplendour on its cut furface, but not equal- 
ling the polifh of a globule of fluid mercury/* 

Thirteen ounces of fnow in the whole were found to have 
"been added to the mixed acids ; but fome was added to lower 
ks temperature after the glafles containing the mercury were 
taken out, and the fpirit thermometer had rifen a few dqgrees. 

Vol. LXXIX. I i This 
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This was a day remarkably favourable for fuch an experi- 
ment. My thermometer expofed to the open air flood, at 
three quarters paft eight this morning, at +6°, which is a very 
extraordinary degree of cold here; but this experiment was 
not begun till noon. 

Exp. 5. On Jan, 14. I froze mercury at the Anatomy 
School again, in the prefence of the rev. the Dean of Chrift 
Church, the rev. Dr. Hornsby, and Dr. Thomson. 

Four ounces now of the mixture of acids, prepared as in the 
firft experiment, were cooled in a tumbler to — 20% which 
required fomewhat more than an equal weight of fnow, cooled 
nearly to the fame temperature, to produce the greateft effe£L 
This was fomewhat lefs than in the laft experiment, the fpirit 
thermometer finking no lower than — 46% owing chiefly to the 
weather having become much warmer, the temperature of the 
open air being now +36 . The mercurial thermometer im- 
merfed in this mixture funk to —55 , where it became fta- 
tionary ; then two thermometer glafles, one half filled with 
mercury, and the other filled to a considerable height up the 
the tube, after being immerfed fdme time, were examined. 
Upon breaking the fhell of glafs from the former of thefe, the 
mercury was found in a perfectly folid ftate ; but its upper 
furface, which was highly polifhed, and of the colour of 
liquid mercury, inftead of being only {lightly depreffed, as 
had been feen in every other inftance which afforded an oppor- 
tunity for infpe&ion, now formed a perfectly inverted hollow 
cone. This great depreffion, as well as the concentric circles 
mentioned in a former inftance, I fuppofe, might be owing to 
a rotatory motion accidentally given to it whilft congealing* 
The folid mercury was beaten out, but having been fuffered 
to lie foxne time on the table for infpe&ion, very quickly 
6 melted 
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melted into liquid globules. The flexibility of folid mercury 
was clearly to be obferved in this beautiful fpecimen ; for the 
external furface, particularly th6 upper thin rim of the con- 
cave part, was evidently bent by the firft gentle ftroke of the 
hammer. The globe of mercury in the other glafs, which 
was very fmall, exhibited nearly the fame phenomena, as ia 
the instances before mentioned. 

It happened in thefe experiments of mine, contrary to what 
has generally occurred to others, that the mercury never funk 
lower than — 6o°, feldom fo low, in the thermometer, and 
but little below the point of mercurial congelation in the 
tubes of the thermometer glaffes filled nearly up to the orifice, 
with a view to fliew the contraction of mercury in becoming 
folid by its great defcent in the tube. On reflecting on this 
circumftance afterwards, it occurred to me, that the further 
defcent of the mercury in thefe experiments was prevented not 
folely by the mercury freezing in the tube, the caufe com- 
monly affigned, but rather by the quick formation of a fpheri* 
cai fheli of folid mercury within the bulb, by the iudden 
generation of cold. 

Dr. Beddoes expreffing a defire to exhibit folid mercury at 
his Le&ure before his Clafs, I undertook to freeze fome at the 
Laboratory on March 12th laft, and now refolved to fatisfy 
myfelf refpe&ing the caufe which prevented the lower defcent 
of the mercury in my former experiments. In this, as well as 
the former, the mercury in a thermometer graduated to - 6o°, 
and likewife in a thermometer glafs, filled nearly to the orifice, 
which lengthened its icale to near - 250 , funk only a few 
degrees below the point of mercurial congelation, and then 
remained ftationary. After waiting fome time, I took the 
thermometer out of the mixture, and obferved the bulb appa- 
rently full, and the (hort thread of mercury above unbroken. 

I i 2 I now 
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I now embraced the lower, part of the tube with my hand' a^ 
few feconds, railing it upon the upper part, of the bulb; and* 
upon taking it away, I found that the whole of the mercury 
had iubfidedjntO' -the bulb, which it did not now quite fill,, a. 
fmall fpace at the top of the bulb remaining empty. I then. 
took out the thermometer glafs, and. applied my hand to the 
tube; but the mercury remained fiationary until I funk my 
hand fo as to communicate heat to that part of the bulb which, 
ia immediately connected with the tube, when the thread of 
mercury dropped, entirely into., the bulb. It was now im- 
merfed again for a (hort time,, then taken out, and the.fhell of 
glafs beaten off; which expofed a globe of fblid mercury,,nearly 
an inch in diameter. This bore feveral* very fmart ffrokes witha 
a hammer before it began to liquify, but -was- not perfectly, 
malleable. 

In the courfe ofthefe experiments, ftveral fragments of the, 
folic! mercury were thrown into mercury in its ordinary liquid: 
ftate,, and were found. to fihk with confiderable. celerity. 

In continuing my refearches refpe&ing the means of pro* 
ducing artificial cold, I have found that phofphorated natron- 
produces rather more cold by folutionan, the. diluted, nitrous 
acid than the vitriolated natron* 

At the temperature ofc+50 9 , four parts of the diluted ni- 
trous acid (prepared by mixing ftrong nitrous acid with half its 
weights of water) required, eight parts of that neutral* fait in- 
line powder to be added, in ordet to caufe the thermometer ta 
link to —6°; and again, by the addition of five parts of ni- 
trated^ ammonia in fine powder, the thermometer funk* follow.;- 
as — 16% in the whole iixty- fix. degrees* 

A mixture of this kind made the thermometeriink from 8q 9 

ice temperature of the materials before mixing) to o°. 
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I was direded to the trial of this fait, by the like remarkable, 
fenfatibn of coldnefs without pungency, ivhich, with its 
other fimilar properties to ice,, firft induced' me,, whilft pur.- 
fuing the fubjed of cold, to try the effed of. diflblving. the 
yitriolated. natron in the mineral acids. 

Equal quantities, by weight, of phofphorated- natron and, 
vitriolated natron, were, evaporated feparately over a gentle fire,, 
until each was reduced, to a perfectly dry powder. I then, 
weighed them,, and found the refiduum of the phofphorated 
natron fomewhat lighter than that, of the vitriolated natron. ;. 
from whence it is probable the former contains the great eft 
quantity of water of cryftallization. 

I have found, that each of the neutral falts which produce, 
any remarkable degree of cold by folution in the mineral acids, 
viz. phofphorated natron, vitriolated natron, and vitriolated, 
magnefia, lofe this property entirely,, when deprived by any; 
means of their water of cryftallization. 

A lhort.time after. I had firft fucceeded in freezing .water in 
fUmmer, by one mixture compofed of three, different falts An, 
water (having been induced to try the effed of fuc-h a method,, 
from the confideration that water, already, faturated with one. 
kind of fait, will diflblve a portion of another, and after that 
a third, or even more), I met, with the account of an; experi- 
ment made by ; M;> Homberg, related in one of the earlier, 
Volumes of the Philofophical Tranfadions, in which it is faid 
he produced an extraordinary, degree of cold, by pouring a pint 
and a half of diftilled vinegar upon two pounds o£ a powder 
compofed of equal parts of crude fal ammoniac and corrofive. 
fublimate, and fhaking them well together*. I immediately 
(July 30, 1786) prepared a mixture of this kind in fmaller 
quantity, but found, it produced only thirty- two degrees of 

cold^ 
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cold, the temperature of the air and materials before mixing 
being 63°; which is no more than 1 have found may be effe&ed 
by a folution in water of crude fal ammoniac alone, pre- 
vioufly dried and powdered. 

By a trial made with great accuracy, I find, that even the 
mixture compofed of diluted vitriolic acid and vitriolated na- 
tron is adequate to any ufeful purpofe that may be required in 
the hotteft country; for, by adding eleven parts of the fait in 
fine powder to eight parts of the vitriolic acid diluted with 
an equal weight of water, the thermometer funk from 8o°, 
the mean temperature of the hotteft climate, and to which 
thefe materials were purpofely heated before mixing, to rather 

below 20°. 

Vitriolated natron, added to the marine acid undiluted, pro- 
duces very nearly as great a degree of cold as when mixed with 
the diluted nitrous acid. At the temperature of 50 , two 
parts of the acid, require three parts of the fait in fine pow- 
der, which will fink the thermometer to o° ; and if three parts 
of a mixed powder, containing equal parts of muriated am- 
monia and nitrated kali, be added afterwards, the cold of the 
mixture will be increafed a few degrees more. 

The frigorific mixture above defcribed, compofed of phos- 
phorated natron and nitrated ammonia diffolved in the diluted 
nitrous acid, being the moll powerful, it will probably be 
found moft convenient for freezing mercury, when fnow is 
not to be procured. The materials for this purpofe may be 
previoufly cooled in mixtures made of marine acid with vitri- 
olated natron, muriated ammonia, and nitrated kali, in the 
proportions mentioned above, this being much cheaper than 
thofe made with diluted nitrous acid, and very nearly equal in 
effe£L 

In 
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In my laft Paper I mentioned a freezing 1 mixture, made by 
diflblving a powder compofed of equal parts of muriated am- 
monia and nitrated kali in water, and therein directed fix parts 
of the mixed powder to be added to eight parts of water; but 
I have found fince, that the beft proportions are, five parts of 
the former to eight of the latter, by which I have funk the 
thermometer from 50 to u°. 

Having now profecuted my fub]e& relative to mixtures for 
generating artificial cold without the ufe of ice, from a poffible 
method propofed by Dr. Watson (Effays, Vol. III. p. 139.), 
for freezing water in fummer in this climate, and carried it on 
to a certain method of freezing, not only water, but even 
mercury* in the hotteft climate, I now intend to take my leave 
of it. 

I have the honour to be, &c. 

RICHARD WALKER, 




